A two-step surface treatment process has been developed, which combines arc deposition with HighCurrent Pulsed Electron Beam (HCPEB) post treatment.
INTRODUCTION
Oxidation is a major cause of failure for materials used under high temperature environment. To improve the oxidation resistance of steel materials, surface * Corresponding author: Tel.: +64-9-3737599ext.88175; fax: +64-9-3737463; E-mail address: w.gao@auckland.ac.nz aluminizing is often used as one of the most economical and effective methods. There are a number of aluminizing techniques such as hot-dip aluminizing, powder aluminizing, vapor aluminizing and thermal spray /l/. However, these methods are either high-cost or inefficient; and the coatings often suffer from low adhesion between the coating layer and substrate. 
Samples preparation
Η13 steel is a hot-die steel with a nominal composition of 4Cr5MoSiV (Table 1) A Bulat-6 type arc ion plating equipment was used to an Al deposition of ~I0 um thick /8/. HCPEB was used to treat the ΑΙ-coated specimen (Table 2 ).
Oxidation test
Based on the working temperature range of Η13 steel, 1023 Κ (750°C) was selected to perform the oxidation test in a vertical furnace. A quartz crucible was used to hold the specimens which included uncoated, ΑΙ-coated and Al-coated + HCPEB post-treated specimens. Total oxidation time was 20 h. After each cooling, an electronic balance with 0.1 mg accuracy was used to weigh the specimens. Before and after oxidation, selected specimens were analysed using a JSM-5600LV scanning electron microscope (SEM) with an energy dispersive spectroscope (EDS), and an X-ray diffractometer (XRD) with a Cu-K a radiation source. 
EXPERIMENTAL RESULTS AND

DISCUSSIONS
Surface morphology and composition analysis after HCPEB bombardment
Oxidation results and discussions
The surface of Al-coated Η13 specimen after 
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oxidation is shown in Fig. 3a . The morphology did not change much compared to the surface before oxidation, 
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